SUMMARY During the last 13 years 264 unselected patients with achalasia have been treated solely by the technique of pneumatic dilatation. The principle of the method was to continue the series of consecutive dilatations until the result was satisfactory. This paper reports the late results in 138 patients who were treated more than three years ago (3-13 years; mean 6.6 years). The results were evaluated by somebody who had not before been involved in the treatment of achalasia. The evaluation was based on a personal interview, a standardized radiological examination, and intraluminal pressure measurements.
The treatment of achalasia is still a matter of controversy. Forceful dilatation by pneumatic, hydrostatic, or mechanical means is advocated by some authors (Olsen, Harrington, Moersch, and Andersen, 1959; Affolter and Voegeli, 1969) , whereas others prefer Heller's procedure or one of its modifications (Malm, 1956; Ferguson and Burford, 1960; Ellis, Kiser, Schlegel, Earlam, McVey, and Olsen, 1967) . In order to evaluate objectively the technique of forceful dilatation we planned to treat a large and unselected group of patients with one technique applicable to all patients with achalasia. To reduce the brusqueness and blindness of the method we decided to use a series of consecutive dilatations with progressively larger balloons and to continue the dilatations until the supradiaphragmatichigh pressure zone was abolished on intraluminal pressure measurements. Previous studies have indicated that the absence of the supradiaphragmatic portion of the high pressure zone is a characteristic feature of a successful Heller's procedure (Olsen, Schlegel, Creamer, and Ellis, 1957) .
Materials and Methods

PATIENTS
All but six of the 264 patients with achalasia referred Received for publication 18 December 1970. 268 to our unit during the last 13 years have been treated by the single technique of pneumatic dilatation. The major contraindications, requiring a different type of treatment, included lack of cooperation in two psychotic patients and one child aged 8, and the presence of a concomitant lesion necessitating surgical intervention (carcinoma of the gastric fundus in one patient, suspected carcinoma in another, and a destroyed lung in a third patient). One hundred and thirty-eight patients had been dilated more than three years before the last follow-up study. Twenty-nine patients had previously been treated unsuccessfully with mercury bougie dilatations. Eight other patients were failures of one or more Heller operations. There were 66 men and 69 women. The ages at the time of treatment varied from 12 to 82 years (mean 46.5) (Fig. 1 ). There were 10 septuagenarians and three octogenarians; advanced age was not taken as a contraindication for pneumatic dilatation. The duration of symptoms up to the time of treatment ranged from one month to 60 years. The mean duration of symptoms was 7'6 years ( Fig. 2) .
The subjective complaints of the patients at the time of treatment with pneumatic dilatation are summarized in Figure 3 (Table 1) . The incidence of food residue in the fasting oesophagus, of elongation and tortuosity of the gullet, and of disappearance of the air bubble in the gastric fundus all increased significantly with an increasing oesophageal diameter (p < 0.01). The degree of dilatation of the gullet correlates well with the duration of symptoms (p < 0.001) (Table II) . A sigmoid appearance of the oesophagus was not taken as a contraindication for pneumatic dilatations; it was observed in 29% of the patients. The mean maximal diameter of the lower oesophageal sphincter segment before treatment was 2 mm.
The manometric studies were performed with the use of three to six water-filled, non-perfused opentip catheters. The technique of intraluminal pressure measurements and the manometric observations in patients with achalasia have already been described (Vantrappen, Van Goidsenhoven, Van den Berghe, Verbeke, and Vandenbroucke, 1963) . The resting pressures in the lower oesophageal sphincter were used as a guide for the treatment by pneumatic dilatation; these pressures were within the normal range in all patients before treatment (mean endexpiratory pressure 5.6 ± 0.68 mm Hg at 0.5 cm above the 'diaphragmatic hiatus').
METHOD OF TREATMENT
The method of treatment has been described pre- 
FOLLOW-UP STUDIES
The majority of the patients have been seen at intervals since treatment. All living patients, treated more than three years before the follow-up study, were invited to the hospital for control examinations Follow-up data are available on 133 patients (96% of the group). Fifteen patients died before the final analysis. We evaluated the result of treatment in these patients from their most recent hospital records and from data obtained from interviews with the family and/or the family doctor. The remaining 118 patients were examined by one of us (W.D.) who had not hitherto been involved in the treatment of achalasia. This examination included an interview and an extensive questionnaire designed to obtain as precise information as possible on the incidence and degree of dysphagia, substernal distress or pain, bronchopulmonary symptoms, weight change, and heartburn. Other types of subsequent treatment were also noted, and a radiological examination of the oesophagus and gastrooesophageal region was carried out in 116 patients. We measured the maximal diameters of the oesophagus and the lower oesophageal sphincteric segment, and determined the presence and degree of stagnating food or fluids in the fasting oesophagus and of air in the gastric fundus. We noted whether the oesophagus was elongated and tortuous. The ease of emptying was evaluated by measuring the height of the barium column 10 seconds and 20 seconds following the ingestion of a standard barium meal. Gastrooesophageal reflux was measured with the patient in a slightly head-down position on his right side in dorsal decubitus.
Intraluminal pressure measurements were performed in all patients who, after having passed the previous examinations, were sufficiently courageous to swallow the tubes (74 patients). The pressure tracings were analysed by a colleague who was unaware of the result of the clinical and radiological studies.
The duration of the follow-up period ranges from less than three years in five patients who died within three years of treatment to 12 years (Table III) .
The mean duration of follow up was 6-6 years.
Results
IMMEDIATE RESULTS AND COMPLICATIONS OF TREATMENT
By the end of the treatment all patients stated that they were able to eat without distress. Regurgitation had also disappeared completely. The mortality rate of the treatment was zero in this series as well as in the patients treated more recently, 264 cases in all. The oesophagus was perforated in three patients. An empyema was drained surgically in one patient; the other two were treated with antibiotics and parenteral feeding. All three recovered completely and are now free of symptoms. An aseptic pleural effusion occurred in three patients and a pericardial effusion in one. Medical treatment for a few days always resulted in prompt recovery. Haemorrhage was observed in two patients, requiring a blood transfusion of 500 ml in one of them. A febrile reaction without any other demonstrable lesion was observed in four patients. Although complications occurred in 11.3 % of this group, complications were serious in only two patients, requiring surgical drainage in one and blood transfusion in another.
LATE RESULTS
The clinical evaluation of these 138 patients was based upon the incidence and degree of dysphagia, retrosternal pain, regurgitation, and weight loss. These criteria were used to divide the patients into four groups. As this study was planned it was decided that the series of pneumatic dilatations should be continued until complete or almost complete disappearance of the supradiaphragmatic high pressure zone. For several reasons (non-cooperation of the patient, complications or fear of complications) it was not always possible to achieve this aim. This enabled us to correlate the present clinical status of the patients with the manometric observations before, immediately after, and late after treatment. The pressure profiles in Figs. 4 and 5 illustrate the relation between the late results of treatment and the resting pressures in the lower oesophageal sphincter. The result is called satisfactory if the patients belong to group 1 or 2, unsatisfactory if they belong to groups 3 or 4 or if they had a recurrence. Before treatment both the patients with satisfactory and with unsatisfactory results had identical pressure profiles. At the completion of treatment patients with unsatisfactory results had significantly higher resting pressures than the 'satisfactory' patients, in whom the high pressure zone was almost completely abolished (p < .O01 for the levels 05 cm below, 0.5 cm above, and 1l5 cm above the pressure inversion point or 'diaphragmatic hiatus'). This difference between both categories was still present at the time of the follow-up studies. At that time, however, patients with unsatisfactory results were found to have higher resting pressures not only in the lower sphincter but also in the oesophagus proper (p < 0.05 for all levels from 0.5 cm below to 6-8 cm above the 'diaphragmatic hiatus'). The resting pressure in the oesophagus of these patients returned to the high levels measured before treatment. In the patients with satisfactory results the resting sphincteric pressures tended to be somewhat higher at the time of the follow-up study ascompared to the pressures immediately after the dilatations, but they remained significantly lower than the pressures before treatment (p < 0-01).
Discussion
Treatment of achalasia is at present necessarily directed towards the relief of the functional obstruction at the cardia. Forceful dilatations and the Heller operation are the two methods most frequently used for this purpose. The technique of pneumatic dilatations, used in this study, aims at reducing the brusqueness and blindness which characterize most methods of forceful dilatation of the cardia. Instead of using an instrument with a fixed diameter, the diameter of the dilating balloon was progressively increased during consecutive dilatations in order to meet the individual needs of each patient. The blindness was further decreased by the clinical and radiological controls but especially by the pressure measurements, carried out before the dilatations were started, with another and larger balloon. Based upon the observation that a successful treatment of achalasia is characterized manometrically by the disappearance of the supradiaphragmatic high pressure zone Vantrappen, 1961) , it was planned to continue the series of dilatations until this effect was achieved, unless serious clinical considerations indicated a sudden interruption.
The best method for the comparative evaluation of the technique of forceful dilatations and the Heller operation would probably be to treat at random a series of patients with one technique or the other. For various reasons this method could not be used in our hospital. To make possible an objective evaluation of the technique of forceful dilatations the following criteria for the management and the follow-up analysis of the patients were set out from the onset of the study. One single technique would be used in all patients; a sufficiently large number of unselected patients would be treated; the follow-up period would be sufficiently long and the follow-up studies would include a personal interview with the patients with the aid of a detailed questionnaire, and radiological and manometric controls. All but six of the 264 patients referred to our unit during the last 13 years have been treated by one single technique of pneumatic dilatations. The main contraindication for treatment by this technique was the impossibility of the patient to cooperate because of psychosis or youth. The technique of guided introduction of the instrument made it possible to dilate all cases of achalasia, irrespective of the size and shape of the oesophagus. To illustrate the fact that this is an essentially unselected group of patients it may be pointed out that the following conditions were not taken as a contraindication for pneumatic dilatations: recurrence following a previous Heller's procedure (eight patients); previous unsuccessful dilatation with mercury bougies (21 patients); advanced age of the patients (three octogenarians, 10 septuagenarians); a tortuous and sigmoid-shaped oesophagus (38 patients); coronary insufficiency (one patient had a pace-maker implanted): and a sliding hiatal hernia.
The follow-up period is relatively long (three to 13 years, mean 6.6 years) and follow-up data are available for 133 of the 138 patients treated. To eliminate as much as possible any bias in the evaluation of the late results the follow-up studies were performed by a colleague who had not before been involved in the treatment of achalasia. The personal interview with the patients, the standardized x-ray examination, and the classification of the patients into groups according to the result obtained were all done by one of us (W.D. favourable. On the other hand, patients with a short history and only slight oesophageal dilatation also did less well. As the calibre of the oesophagus correlates well with the duration of symptoms, it seems probable that the oesophageal diameter is an important factor in determining the result of pneumatic dilatations. The manometric studies in untreated patients confirm the previous observations that the resting pressures in the lower oesophageal sphincter of patients with achalasia are within the normal range (Creamer, Olsen, and Code, 1957; Vantrappen, 1961) . These studies further indicate that excellent or good results may be expected if the high pressure zone in the lower oesophagus is completely or almost completely abolished at the completion of treatment. If the dilatations did not result in an abolition of this high pressure zone, the patient is likely to have an unsatisfactory result. From this it may be concluded that the aim of treatment of achalasia by pneumatic dilatations should be the abolition of the high pressure zone in the lower oesophagus. It is not always possible, however, to achieve this ideal result. Some patients have been dilated up to a diameter of 5 cm without complete abolition of the high pressure zone. In others the dilatations had to be stopped suddenly because of complications or fear of complications. Nevertheless, manometric studies seem to be a useful guide for the treatment of achalasia by pneumatic dilatation.
The comparative evaluation of the two major methods of treatment of achalasia, forceful dilatations and the Heller operation, is difficult. Criteria for the classification of the results into 'satisfactory' and 'unsatisfactory' are different from one author to the other and are frequently ill defined. In other reports the follow-up studies are inadequate, due to the insufficient number of patients traced for the follow-up analysis and to the lack of personal interview or objective control examinations. The general impression from a review of the literature is that the results of both methods of treatment are not significantly different. Most reports on the treatment of achalasia by forceful dilatations or the Heller operation claim satisfactory results in 75 % to 85 % of the patients (Nanson, 1966) . If the symptoms and signs of the treated patients are analysed in detail the favourable results may be as low as 53 % (Browse and Carter, 1961) , whereas cure rates of 95 % are claimed in a series that does not present the long-term results in detail (Schindler, 1956 ). Gastro-oesophageal reflux and peptic oesophagitis seem to be more of a problem after Heller's operation than after forceful dilatations. Troublesome heartburn or stenosing oesophagitis is not or rarely observed in patients treated by forceful dilatations (Kurlander, Raskin, Kirsner, and Palmer, 1963) . Bennett, Barzaga, Hendrix, and Siegal (1968) considered that gastrooesophageal reflux was the cause of a poor result in two of their 51 patients treated with the Hurst-Tucker pneumatic dilator. The incidence of reflux may amount to 52% if the patients treated with Heller's operation (Hawthorne, Frobese, and Nemir, 1956) . Even if the myotomy is not extended across the oesophagogastric junction into the wall of the cardia in order to prevent reflux, peptic oesophagitis occurred in 4'4 % of the patients (Ellis, Kiser, Schlegel, Earlam, McVey, and Olsen, 1967) . It may be that the absence or very low incidence of reflux after forceful dilatation is due to the fact that it is almost impossible to disrupt the oblique fibres of the stomach with a dilator.
